Short Communications
Eruptive Movements of Permanent Maxillary Central Incisor Teeth in the Human by P H Burke MDs (Addenbrooke's Hospital, Cambridge) Serial quantitative data on eruptive tooth movement are rare (Carlson 1944) . Such measurements have been carried out more frequently on animals (Massler & Schour 1941 , Bryer 1957 , Ness & Smale 1959 . A photographic method of recording the active clinical eruptive tooth movements of permanent maxillary central incisor teeth in the human has been reported (Burke & Newell 1958) .
This painstaking method has now been applied to two subjects and the findings for the four teeth can be presented as 'active eruption curves' in which the height of the tooth above the occlusal plane is plotted against time. The first subject gave two smooth curves of gradually decreasing gradient until the occlusal plane was reached. In the second subject the two curves were of a different character. The rate of movement diminished fairly abruptly after some 2 mm movement. Subsequent movement was slow and prolonged. A less demanding method of measuring this movement on a larger group of teeth was therefore devised.
Study Model Method
Data in the form of study models were recorded, covering the period of active clinical eruption, for 25 permanent central incisor teeth in 20 patients. Of these, 22 teeth presented with delayed clinical emergence due to various causes, of which the commonest was supernumerary teeth.
Many of these teeth were surgically exposed, thus increasing the range of movement available for observation. Of the 4 teeth observed photographically, the largest amount of eruptive movement was only 4'4 mm. The height of the incisal edge above the occlusal plane was measured on each model, using a micrometer mounted in a sheet of clear plastic material (Fig 1) . Three teeth in occlusion were chosen as an arbitrary occlusal plane throughout each series of models and the instrument was held firmly in position by finger pressure. Mirror images of the teeth enabled a high degree of accuracy of repositioning to be achieved. The micrometer was then adjusted to engage with constant spring pressure the lowest point of the incisal edge of the erupting tooth. The standard of accuracy of the readings was very highstandard deviation was 0 002mm.
Findings
When eruption curves were plotted for the 25 teeth examined in this way, they fell into two main groups. Group A comprised 12 teeth which followed a pattern, or a part of a pattern, of snooth diminution in eruptive rate from the time of complete clinical emergence of the incisal edge (Fig 2A) . I]cluded in this group were the three teeth whose emergence was not delayed ( Fig 2B) . The curves for these teeth showed a markedly reduced amount of movement since they were not surgically exposed.
The 13 remaining teeth included in group B were characterized either by a marked early diminution in eruptive rate like the second photographic subject or by even more marked and irregular periods of slow eruption or noneruption. In this latter group many of the teeth either did not reach the occlusal plane or achieved an abnormal occlusal plane even after orthodontic treatment (Fig 2c) . In this eruption curve the interrupted line represents orthodontic tooth movement which was followed by relapse.
Thus the biological process known as eruption was carried out more efficiently in group A.
The incidence of the following factors in groups A and B was investigated: dental age of the root, the presence of crowding of the teeth and the presence of soft tissue obstruction after clinical emergence (Table 1 ).
In general the presence of an open apex was associated with the teeth in group A. Those with closed apices tended to erupt slowly and at a uniform rate and fell into group B (Fig 2D) . This finding is interesting in view of the statement by Orban (1954) that the eruptive movements of the teeth with closed apices are associated with the apposition of bone in the socket (particularly the fundus) and of cementum on the root surface.
As might be expected, the incidence of mesiodistal crowding is high in the group associated with delayed eruption (group B). Soft tissue obstruction after tooth emergence may take the form of tongue thrusting during the swallow (Ballard 1956 ), a finger or thumb sucking habit or, as in one patient in this series, a.true macroglossia. Such obstruction was associated with delayed or slow or incomplete eruption. Fig  2c is an example of an eruption curve showing early reduction in rate of movement associated with a tongue thrusting action during the swallow..
The mean rates of eruption on emergence with standard deviations were: group A 1-03±0*148 mm per month; group B 0-83±0454 mm per month. There is thus no statisticiflly significant difference between the groups, so that this figure cannot be used to assess eruptive prognosis.
A further factor investigated was the surgical management of the unerupted incisor (Table 2) . It may be feasible to maintain surgical exposure of the unerupted incisor at the time of removal of the supernumerary tooth. In this series this procedure was followed wherever possible, i.e. in 7 cases out of 18, and of these 6 teeth subsequently fell into Group A. In the remaining 11 cases the wound was closed and 7 of these teeth fell into group B. Early exposure, therefore, appeared to favour prognosis for eruption in addition to avoiding the need for the child to undergo further minor oral surgery.
Discussion
If a smooth diminution in eruption rate can be accepted as the normal pattern of clinical eruptive tooth movement, the two curves of the first photographic subject represent normal eruptive curves. Such a curve can be interpreted in terms of an exponential equation. The essential characteristic of such an equation is that it represents a multiplicative process. Many simple growth processes in which soft tissue cells proliferate have been analysed in terms ofexponential equations forming 'sigmoid' growth curves (Thompson 1942) . Our interest would lie in the terminal portion of such a curve.
If a similar proliferation of soft tissue cells were responsible for the eruptive tooth movement, the site of the proliferation would have to be such that the enlarging tissues could be accommodated as a result of the movement. Such an area is the apical region of the soft tissues of the dental pulp. Ness & Smale (1959) have analysed the distributions of mitotic cells in the pulps of erupting teeth and state: 'Of all pulpal mitoses, 65% were found in the basal millimetre; . .' There is, however, a final link needed in this hypothesis in which a three-dimensional increase in size of soft tissues is being translated into a movement of one dimension. The orifice through which the increase in size of soft tissues is being expelled should remain the same size if the characteristics are to be retained in the linear movement. Whilst it is true to say that the walls of the pulps of erupting teeth appear radiographically to be parallel or nearly so, further quantitative data on this subject are needed. If the apical orifice does remain the same size these findings support the theories of Sicher (1942) and Orban (1954) who attribute eruptive tooth movement to proliferation of soft tissue cells in the dental pulp. Whether this explanation be true or not, the teeth in this small series emerged at a rate of about 1 mm per month and in the absence of adverse environmental factors this movement was apparently maintained at a gradually reducing rate until the teeth took up their place in the occlusal plane. The growth of the jaws and tooth eruption are closely interrelated processes. Studies of tooth eruption which neglect the changes taking place in the surrounding bone must present a partial and perhaps misleading picture.
A Study of Bone Changes
In the past, eruption studies have been complicated by two factors: (1) The absence in the growingjaws of fixed points of reference. (2) The limitations imposed by working with decalcified materials. In recent years methods of examining undecalcified bone and tooth have been devised. In the present preliminary investigation two techniques, microradiography and tetracycline labelling, have been used to study the bone changes associated with tooth eruption in the kitten mandible.
Method
Five kittens from the same litter received intraperitoneal injections of oxytetracycline, 33 mg/kg (Harris 1960) , at intervals as shown in Table 1 . 
